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providing the sensor output signal responsive {0 a magnetic 31
tield, the sensor output signal having an amplitude

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- processing the sensor output signal for providing a processed |

sensor output signal which 1S represeniative of the ampiituge 324
of the sensor output signal
determining a switching Ieve!
- (1) during a power up mode, based on a default
switching level, and -~ 33U

- {2 during a running mode, based on the processed
sensor oulput signal

-
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Comparing the processed sensor output signal with the |
switching level for providing a comparator output signal 34U
pased on the comparison
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storing the default switching Eevaﬁ and

- {1} providing, during the power up mode, the defauit
switching level for the switching level calculation step, and

- {2) updating, during the running mode, the default
switching ievel based on the switching level currently
calculated if the switching level calculated during the
running mode deviates more than 3% trom the siored
default switching level
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MAGNETIC FIELD SENSOR
ARRANGEMENT AND METHOD FOR
PROCESSING A MAGNETIC FIELD SENSOR
OUTPUT SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 15/492,577, filed Apr. 20, 2017, which claims

the benefit of German Patent Application No. 10 2016 206
686.2 filed Apr. 20, 2016, which are incorporated by refer-
ence as 1f fully set forth.

FIELD

Embodiments relate to a magnetic field sensor arrange-
ment and a method for processing a magnetic field sensor
output signal.

BACKGROUND

In many sensors, a certain time 1s required after a sensor
system has been taken 1nto operation until the control system
acts and the measurement signal relatively accurately repro-
duces the quantity to be measured. In sensor systems, €.g.,
magnetic field sensor arrangement, for detecting the position
of mechanical elements, such as for example a Hall sensor
for camshaft configurations, it 1s important, after the oper-
ating voltage has been switched on, to detect the position of
a mechanical element 1n order to achieve accurate measure-
ments. In the case of a Hall sensor for camshait configura-
tions, for example, the position of a camshait should be
detected as accurately as possible after the operating voltage
has been switched on, 1.e. whether 1t 1s a tooth gap (notch)
or a tooth of the target wheel which 1s facing the sensor.

Moreover, 1n order to compensate for offset components
which may result from fluctuating influences, e.g., from
unstable mechanical stress voltages of the sensor for tem-
perature dependent circuit parameters, chopper principles
may be applied. In particular, the chopper principles provide
for a so called true power on (TPO) function of the sensor.
A TPO function 1s understood to be the precise measuring,
operation immediately after the operating voltage of a sensor
system has been switched on, which 1s of importance, for
example, for the precise detection of the position of an 1dle
mechanical element, such as a target wheel (tooth wheel).
Chopper principles are suitable for a TPO function since
they essentially make 1t possible to eliminate offset compo-
nents, which impair the measuring accuracy, from the sensor
signal shortly after the operating voltage of a sensor system
has been switched on.

SUMMARY

Embodiments relate to a magnetic field sensor arrange-
ment and a method for processing a magnetic field sensor
output signal. Some embodiments relate to an auto-TPO-
nonvolatile storage of calibration value(s) for cam sensors.

An embodiment provides a magnetic field sensor arrange-
ment comprising: a magnetic field sensor element config-
ured to provide a sensor output signal responsive to a
magnetic field, wherein the sensor output signal 1s repre-
sentative of a magnetic field amplitude; a processing module
configured to process the sensor output signal and to provide
a processed sensor output signal which 1s representative of
the sensor output signal; switching level calculation module
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2

configured to determine/calculating a switching level, (1)
during a power up mode, based on a default switching level,
and (2) during a runnming mode, based on the processed
sensor output signal; a comparator module configured to
compare the processed sensor output signal with the switch-
ing level, and to provide a comparator output signal based on
the comparison; and a storage module configured to store the
default switching level and further configured (1) to provide,
during the power up mode, the default switching level to the
switching level calculation module, and (2) to update, during
the running mode, the default switching level based on the
switching level currently calculated by the switching level
calculation module, 11 a difference between the switching
level calculated during the running mode and the stored
default switching level 1s higher than a predetermined per-
centage of the magnetic field amplitude.

According to a further embodiment, the amplitude of the
magnetic field 1s influenced by a target wheel, wherein the
default switching level 1s only updated during the running
mode 1f the target wheel has reached a predetermined
rotational speed which 1s, for example, higher than at least
100 rpm (rpm=revolutions per minute).

A turther embodiments provides a method for processing
a magnetic field sensor output signal, comprising: providing
the sensor output signal responsive to a magnetic field,
wherein the sensor output signal 1s representative of a
magnetic field amplitude; processing the sensor output sig-
nal for providing a processed sensor output signal which 1s
representative of the sensor output signal; determining/
calculating a switching level, (1) during a power up mode,
based on a default switching level, and (2) during a runming
mode, based on the processed sensor output signal; com-
paring the processed sensor output signal with the default
switching level for providing a comparator output signal
based on the comparison; and storing the default switching
level and providing, during the power up mode, the default
switching level for the switching level calculation step, and
(2) updating, during the runming mode, the default switching
level based on the switching level currently calculated it a
difference between the switching level calculated during the
running mode and the stored default switching level 1s
higher than a predetermined percentage of the magnetic field
amplitude.

Thus, the present concept 1n form of the magnetic field
sensor arrangement and the method for processing a mag-
netic field sensor output signal provide for an improved
detection of the phase accuracy of the first switch edges
(based on a sensed magnetic field) after power-on of a
magnetic sensor, €.g., a mono-cell magnetic cam sensor,
when the sensor 1s mounted in the operating place, e.g., in
a vehicle or car. Moreover, the calibrated switching level are
stored/updated when the criteria of frequency and, for
example, of deviation are met. Additionally, the chopper
stores the ripple feedback for a faster startup of the feedback
loop.

To be more specific, in accordance with the present
concept on the basis the functionality of the magnetic field
sensor arrangement and the method for processing a mag-
netic field sensor output signal, respectively, an updated or
calibrated switching level 1s stored/updated as the (new)
default switching level based on the currently calculated
switching level (or comparator threshold) when specific
criteria of deviation between the default switching level and
the currently calculated switching level are met. Moreover,
the frequency or rotational speed of the monitored camshaft
may be considered as further criterion for storing/updating
the default switching level based on the currently calculated
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switching level (threshold). To achieve a suflicient accuracy
alter power on, the sensor arrangement stores the new
default switching level, 1.e. the newly calibrated switching
level, which forms the default switching level during normal
operation mode, 1I the currently stored switching level
deviates more than 3% (e.g., more than 5% or 10%) from the
ideal (i.e. the currently stored default) switching level com-
pared to the detected peak-to-peak amplitude of the rendered
or processed sensor output signal. Moreover, the calibrated
switching level may optionally be stored/updated during the
running mode only 11 the target wheel has a higher rotational
speed than at least 100 rpm. Updating the default switching
level only 1f the target wheel has achieved a minimum
rotational speed 1s conducted to suppress the possibility to
store wrong calibration values (default switching levels)
generated by a high target wheel vibration (as the higher the
rotational speed of the target wheel 1s the lower the effect to
the calculated switching level 1s).

The number of self-programming operations (updates of
the default switching level) can be stored incrementally and
can be limited to a maximum number of, e.g., 10. Addition-
ally, the chopper circuit may store the ripple feedback for a
faster startup of the feedback of the feedback loop. To be
more specific, as the chopper offset 1s stored, a more stable
and faster restart of the rnipple feedback suppression may be
achieved.

Further, a “watchdog” (1.e. a device/circuitry that detects
faults and 1mitiates corrective actions) for a small signal
detection may be implemented to recover for the case that at
small signals after remount at a high air gap the sensor does
not switch anymore. This may occur when the complete
processed sensor signal 1s below the default switching level.
At a wrong/missing switching detection, a fallback TPO
implementation can be activated. Another option may be to
activate the calibration storage by a digital command applied
with the supply modulation when the sensor 1s mounted.

Furthermore, the number of teeth of the target wheel can
also be learned at the first power on. This makes the device
more universal and the customer does not program anything.
Alternatively, a fixed number of, e.g., 12, teeth can be
assumed as this covers target wheels with 1, 2, 3, 4, 6 and
12 teeth which are the most common.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments are described herein making refer-
ence to the appended drawings and figures.

FIG. 1 shows a schematic block diagram illustrating a
magnetic field sensor arrangement according to one or more
embodiments;

FIG. 2 shows a schematic block diagram illustrating a
magnetic field sensor arrangement according to one or more
embodiments;

FIG. 3A shows schematic circuit diagram of a magnetic
field sensor arrangement according to one or more embodi-
ments;

FIG. 3B shows an example graph showing diflerent
example sensor output signals responsive to a magnetic field
influenced by a target wheel having four teeth according to
one or more embodiments; and

FI1G. 4 shows a flow diagram of a method for processing
a magnetic field sensor output signal according to a further
embodiment.

DETAILED DESCRIPTION

Before discussing the embodiments 1n further detail using
the drawings and figures, it 1s pointed out that in the figures

10

15

20

25

30

35

40

45

50

55

60

65

4

and the specification identical elements and elements having
the same functionality and/or same technical or physical
ellect are usually provided with the same reference number
or 1dentified with the same name/term, so that the descrip-
tion of these elements and of the functionality thereotf as
illustrated 1n the diflerent embodiments are mutually
exchangeable and may be applied to one another in the
different embodiments.

In the following description, embodiments are discussed
in detail, however, 1t should be appreciated that the different
embodiments provide many applicable concepts that can be
embodied 1n a wide variety of magnetic field sensor arrange-
ments. The specific embodiments discussed are merely
illustrative of specific ways to make and use the present
concept, and do not limit the scope of the claims. In the
following description of embodiments, the same or similar
clements having the same function have associated there-
with the same reference signs or the same name/term, and a
description of such elements will not be repeated for every
embodiment. Moreover, features of the diflerent embodi-
ments described hereinafter may be combined with each
other, unless specifically noted otherwise.

FIG. 1 shows a schematic block diagram illustrating a
magnetic field sensor arrangement 100 according to an
embodiment. The magnetic field sensor arrangement 100 1s
configured to be operated 1n at least two different modes or
operation modes, wherein a first or initial operation mode
alter power up will be referred to as “power up mode” or as
“mitial mode” (e.g., true power on state (TPOS)). The
operation following the initialization will be referred to as
“running mode”, 1.e. a normal operation with a running
target wheel. In this connection, 1t 1s pointed to the fact that
further “intermediate operation modes” between the power
up mode and the running mode may be provided for pro-
viding a smooth transition between the initial power up
mode and the running mode (normal operation mode).

The magnetic field sensor arrangement 100 comprises a
magnetic field sensor element 110 which 1s configured to
provide a sensor output signal 112 responsive to a (external)

magnetic field H, the sensor output signal 112 having an
amplitude based on the strength of the magnetic field
component to which the magnetic field sensor element 1s
responsive and which passes through the magnetic field
sensor element 110. The sensor output signal 112 1s 1llus-
trative or representative ol the magnetic field amplitude
and/or magnetic field absolute value, but may also contain
overlaid signal path oflset ripple. Thus, the sensor output
signal 112 may provide an analog representation of the
(sensed) magnetic field amplitude. The magnetic field
amplitude may be the peak-to-peak amplitude of the sensed
(absolute) magnetic field or an amplitude signal derived
therefrom. Thus, the peak-to-peak amplitude 1s the change
between peak (highest amplitude value) and trough (lowest
amplitude value). Thus, the magnetic field amplitude 1s
computed as the difference between these maxima and
minima of the magnetic field. Thus, the sensor arrangement
100 1s able to follow the varnations of the magnetic field and
1s able to detect local minima and local maxima value.
The magnetic field sensor element 110 may comprise, but
it 1s not lmmited to, a Hall effect element, a magneto-
resistance element, or a magneto-transistor. A Hall effect
clement may comprise, for example, a planar Hall element,
a vertical Hall element or a circular Hall element. Magneto-
resistive (XMR) sensor elements may comprise any mag-
neto-resistive structures such as AMR (anisotropic magneto-

resistance) structures, GMR (giant magneto-resistance)
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structures or TMR (tunnel magneto-resistance) structures or
magnetic tunnel junction (M'T]) structures. To summarize,
the term “magnetic field sensor element” 1s used to describe
a variety of electronic elements that can sense a magnetic
ficld for a magnetic field component. Thus, the magnetic
field sensor element may be suited for camshaft applica-
tions, so that 1ts basic function may be to map either a tooth
or a notch mnto a unique electrical output state, 1.e. an
amplitude or an amplitude information.

The magnetic field sensor arrangement further comprises
a processing module 120 which 1s configured to receive and
process the sensor output signal 112, and further to provide
a processed sensor output signal 122 which 1s representative
ol the sensor output signal 112. The processed sensor output
signal 122 1s an amplified and/or digitized (digital) repre-
sentation of the (e.g., analog) sensor output signal 112. To be
more specific, the sensor output signal 112 1s representative
of the magnetic field amplitude and/or magnetic field abso-
lute value, but may also contain overlaid signal path offset
ripple, whereas the processed sensor output signal 122
maintains or provides the magnetic field amplitude and
oflset information, but the signal path offset ripple compo-
nent 1s reduced. Thus, the processed sensor output signal 122
may provide a digital representation of the magnetic field
amplitude.

As shown 1 FIG. 1, the processed sensor output signal
122 1s provided to a switching level calculation module 150
and to a comparator module 160. The switching level
calculation module 1s configured to calculate a switching
level 152 (e.g., 1n the form of a switching level signal 152)
based on the (sensed) magnetic field amplitude, and to
provide the currently calculated switching level 152 to the
comparator module 160 and to a storage module 170. During
the power up mode (TPOS) the switching level calculation
module 150 1s configured to calculate the current switching,
level based on a detfault switching level 172 provided (e.g.,
as a default switching level signal 172) by the storage
module 170 to the switching level calculation module 150.
The switching level calculation module 150 1s further con-
figured to calculate the switching level 152 during the
running mode (normal operation mode of the magnetic field
sensor arrangement 100) based on the processed sensor
output signal 122.

The comparator module 160 which receives the processed
signal output signal 122 as a first mput signal and the
switching level 152 as a second input signal 1s configured to
compare the processed sensor output signal 122 with the
default switching level 152, and to provide a comparator
output signal 162 (as the output signal of the sensor arrange-
ment 100) based on the comparison between the first and
second input signals 122 and 152. The comparator output
signal 162 may form the output signal of the magnetic field
sensor arrangement 100. The comparator module 160 can be
configured to provide a comparison result (e.g., as the
comparator output signal 162) according to a switching
algorithm that includes a hysteresis concept. A visible or
hidden hysteresis concept can be applied. The hidden hys-
teresis concept can be also half hidden, wherein the sensor
continues to switch even i1f one of the hidden thresholds 1s
not crossed.

As already indicated above, the storage module 170 1s
configured to store the default switching level and 1s further
configured (1) to provide, during the power up mode, the
default switching level 172 to the switching level calculation
module 150, and (2) to update, during the running mode, the
default switching level 172 based on the switching level 152
currently calculated by the switching level calculation mod-
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ule 150, if a relative difference between the switching level
calculated during the runming mode and the stored default
switching level 172 1s larger than 3% (e.g., larger than 5%
or 10%), 1.e. 11 a diflerence between the switching level 152
calculated during the runming mode and the stored default
switching level 172 1s higher than 3% of the magnetic field
amplitude.

To be more specific, during the power up mode (initial
mode) the magnetic field amplitude information 1s provided
in the form of the processed (e.g., chopped and/or amplified)
sensor output signal 122. The threshold information comes
during the power up mode as the default switching level 172
from the storage module 170 which may be for example
implemented as a  nonvolatile = PROM-register
(PROM=programmable read-only memory) that may be
programmed only a limited number of times. The magnetic
signal information 122 1s compared by means of the com-
parator module 160 against the default switching level
(default threshold) 172, wherein the output state 162 (the
comparator output signal 162) is set correspondingly. Some
hysteresis may be introduced by the comparator module 160
in order to avoid false switching due to noise 1n the pro-
cessed sensor output signal 122.

Furthermore, the switching level calculation module 150
searches for a mmimum value (e.g., caused by a notch of a
target wheel) and a maximum value (e.g., caused by a tooth
of the target wheel) in the processed sensor output signal
122. Once the switching level calculation module 150 has
found a pair of min-max values (a peak-to-peak amplitude)
the switching level calculation module 150 calculates an
associated switching level. After a certain number of switch-
ing events, €.g., based on at least one revolution of the target
wheel, the accuracy of the calculated switching level 152 1s
considered to be sufliciently high so that the operation mode
of the magnetic field sensor arrangement 100 1s switched
from the power up mode to the running mode.

In order to provide a high accuracy of the comparator
output signal 162 (e.g., preferably immediately) after power
on, the storage module 170 1s configured to update, during
the running mode, the default switching level 172 which 1s
currently stored in the storage module 170 on the basis of the
“new” switching level 152 currently calculated by the
switching level calculation module 150, 1t the switching
level 152 calculated during the running mode deviates more
than 3%, e.g., more than 5% or 10%, (when compared to the
currently detected peak-to-peak amplitude) from the cur-
rently stored default switching level (or i1deal switching
level) 172, 1.e. from the default switching level which has
been provided during the preceding power up mode from the
storage module 170 to the switching level calculation mod-
ule 150.

The magnetic field to which the magnetic field sensor
clement responds and on the basis thereof provides the
sensor output signal 112 may be influenced by a target
wheel. The storage module 170 1s further configured to
update the default switching level during the running mode,
only 11 the target wheel has a higher rotational speed than at
least 100 rpm (e.g., 200, or 400 rpm). Thus, the storage
module 170 1s further configured to update the default
switching level during the running mode, only if the target
wheel has reached a predetermined rotational speed which
1s, for example, higher than at least 100 rpm.

To be more specific, the default (calibrated) switching
level 172 1s only updated and stored 1f a rotational speed of
at least 100 rpm of the target wheel 1s detected. The updating
of the default switching level 172 only during the running
mode and when reaching a predetermined rotational speed 1s




US 10,845,433 B2

7

conducted to suppress the possibility to store wrong cali-
bration values generated by target wheel vibration(s), as
possible target mean vibrations have a less negative effect on
the switching level calculation with an increasing rotational
speed of the target wheel. Also, storing/updating (the default
switching level 172) at a higher rotational speed reduces the
risk of storing during engine start-stop when the tooth-notch
information in the magnetic signal may be corrupted.

The storage module 170 1s further configured to conduct
only a number of incremental update operations of the
default switching level, which 1s smaller than a preset
number N, wherein N 1s equal or smaller than 20 (or 15 or
10, for example). Thus, the number of self-programming of
the storage module 170 can be stored incrementally and can
be limited to a maximal number of, e.g., 20, 15 or 10 etc. A
warming signal may be output or a tlag may be set by the
storage module 170, 11 the preset number N of update
operations 1s achieved or exceeded. The warning signal may
indicate a possible maltunction of the magnetic field sensor
arrangement 100.

The processing module 120 of the magnetic field sensor
arrangement 100 may comprise a chopper circuit (not
explicitly shown 1n FIG. 1) with a chopper oflset calculation
module 1n a chopper feedback loop, wherein the chopper-
oflset calculation module 1s configured (1) to provide, during
the running mode, a correction signal, which 1s based on an
oflset signal/component 1n the processed sensor output sig-
nal 122, and (2) to feed the correction signal into the chopper
teedback loop for at least partially suppressing the oifset
signal/component 1n the processed sensor output signal 122.

The storage module 170 may be further optionally con-
figured to store a correction value based on the correction
signal 124 and to provide, during the next power up mode(s),
the stored correction value 126 to the chopper-ofiset-calcu-
lation module of the processing module 122. The chopper-
oflset-calculation module may be turther optionally config-
ured to use the stored correction value 126 as a starting value
for the correction signal during the next power up mode(s).
The chopper-ofiset-calculation module may be further con-
figured to feed the correction signal 124 into the chopper
teedback loop for a ripple feedback suppression in the
processed sensor signal 122. To be more specific, storing the
chopper oflset (as correction value) 1n the storage module
170 and providing the stored chopper off set during the (next)
power up mode allows for a faster stabilization at a restart
of the npple feedback suppression of the chopper circuit of
the processing module 122.

The storage module 170 may be configured to store the
switching level as calculated by the switching level calcu-
lation module 150 during the (first) running mode as the
(first) default switching level.

The magnetic field sensor arrangement 100 may further
optionally comprise an ECU (electronic control unit) 180,
wherein the ECU 180 may 1nstruct the storage module 170
to update, during the running mode, the default switching,
level 172 based on the switching level 152 calculated by the
switching level calculation module 150. The (optional) ECU
180 may be configured to instruct the storage module 170
during the first power up mode to update the default switch-
ing level 172 based on the switching level 152 calculated by
the switching level calculation module 150 to the subsequent
running mode. Based on this approach, mechanical toler-
ances with respect to a distance between the magnetic field
sensor arrangement 100 and especially the magnetic field
sensor element 110 to the target wheel (not shown in FIG. 1)
can be considered, e.g., after installation of the magnetic
field sensor arrangement 110 into 1ts operation site.
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The optional ECU 180 can also give a trigger command
to the storage module 170 without the ECU 180 necessarily
knowing the switching level 152 to be programmed as
default switching level. The trigger command can be given
by the ECU 180 before a programming voltage which might
be needed by the storage module 170 1s applied externally.
Thus, the ECU 180 may be configured to instruct the storage
module 170 to update the default switching level 172 when
an external programming voltage 1s applied.

Alternatively, the programming voltage might be pro-
vided by internal circuitry, e.g., a charge pump (not shown
in FIG. 1), 1n the device 100. Thus, the ECU 180 may be
configured to instruct the storage module 170 to update the
default switching level 172 when external conditions are
considered safe for programming to be done based on an
internal programming voltage coming from a charge pump.

The processing module 120 may further optionally com-
prises a tracking ADC (ADC=analog-digital-converter)
which 1s configured to provide a digital representation in the
form of the processed sensor output signal 122 of the sensor
output signal 112, 1.e. of the magnetic field amplitude. As
indicated above, the magnetic field sensor element 110 may
comprise a Hall sensor element, however any sensor e¢le-
ments responsive to a magnetic field component can be used.

Furthermore, the switching level calculation module 150
may be configured to determine a number of teeth or notches
¢.g., within a range of 1 to 12 (but not limited to 12) of the
target wheel during the running mode and to store this
information in the storage module 170.

The storage module 170 can be configured to store an
individual switching level 152 for each feature, e.g., tooth,
notch or edge, of the target wheel, and to provide the
(different) individual switching levels to the switching level
calculation module 150 so that the switching level calcula-
tion module 150 may be configured to calculate/determine
the switching level 152 based on the individual default
switching levels for each feature of the target wheel.

The magnetic field sensor arrangement 100 may further
optionally comprise a feature counter 190 for determining a
current position of the target wheel. A feature of the target
wheel may be a tooth, a notch or an edge at the target wheel,
wherein the optional feature counter 190 may determine the
current position of the target wheel based on the correlation
between stored individual switching level and calculated
individual switching level.

The switching level calculation module 150 may be
further configured to calculate at start up an individual
switching level (threshold) of the current feature and to
compare the currently calculated individual switching level
of the current feature with the stored individual default
switching levels (thresholds) 1n order to match the content of
the feature counter 190 with the current position of the target
wheel.

Thus, the feature counter 190 may receive information
from the switching level calculation module 150 regarding
events of detection of minimum and maximum values.

In case, the feature counter 190 1s configured to count the
teeth on a target wheel, a register (not shown 1n FIG. 1) 1s
incremented on each detection of a new maximum and the
register 1s reset when the complete target wheel rotation has
finished according to a programmed number of teeth on the
target wheel. Alternatively, the feature counter 190 can
increment a register at each maximum detection event and
cach mmimum detection event. Alternatively, the feature
counter 190 can receive mformation from the comparator
module 160 regarding output switching events. The feature
counter 190 can be configured to increment a register each
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time a switching event 1s observed 1n the comparator module
by associating a switching event with a magnetic edge.

The reset of the register in the feature counter can be
configured to occur at the end of each target wheel rotation.
The feature counter 190 may determine the rotational speed
of the target wheel. Alternatively, the feature counter 190
may provide information for an rpm counter (not shown in
FIG. 1) which determines the rotational speed of the target
wheel.

In case the different, individual switching levels are used
on each feature of the target wheel, the storage module 170
may be further configured to store all default switching
levels, 1.e. the respective default switching levels for each
feature, e.g., tooth, edge or notch, and may be further
configured (1) to provide, during the power up mode, the
default switching levels 170 to the switching level calcula-
tion module 150, and (2) to update, during the runmng
mode, the default individual switching levels 172 based on
the switching level currently calculated by the switching
level calculation module 150, if a diflerence between the
switching level currently calculated during the running
mode and the stored default switching level for the (deter-
mined) feature of the target wheel 1s higher than 3% of the
magnetic field amplitude (1n the sensor output signal). The
storage module 170 may be further configured to update the
stored default switching level only after a defined number of
target wheel rotations, e.g., of at least 10, 100 or 500
rotations, in order to prevent a writing of wrong values in
functional testing scenarios. Thus, the storage module 170
may be configured to update of the stored default switching
level 172 only when the calculated switching level 152 has
remained (essentially) unchanged for a defined number of
target wheel rotations. Furthermore, the storage module 170
may be configured to provide a flag or a programmed
validity field in the storage unit 170 which indicates 1t the
update of the default switching level (threshold) in the
storage module 170 occurred 1n a *“safe supply condition™.

When the seli-triggered programming occurs in a non-
controlled environment (e.g., 1n field programming inside
the engine) 1t 1s possible that the engine 1s stopped and the
device 1s powered down before the programming procedure
1s finished. It 1s also possible that a short voltage drop occurs
on the supply line during programming procedure even 1f the
engine 1s not stopped (micro-break). In case supply 1s lost
during programming procedure, the programmed value
could be corrupted. In order to avoid using corrupted data as
valid information, the data 1s stored twice and a stored
validity field 1s associated to each instance of the stored data.

In order to ensure that the entire programming procedure
occurred 1n “sate supply conditions™ (without supply inter-
ruptions) the programming procedure may contain the fol-
lowing steps:

The validity field for the first instance of stored data 1s
programmed as invalid.

The first instance of the storage data 1s programmed with
the new value.

The validity field for the first instance of stored data 1s
programmed as valid. The validity field for the second
instance of stored data 1s programmed as invalid.

The second instance of the storage data 1s programmed
with the new value.

The validity field for the second instance of stored data 1s
programmed as valid.

In case a supply interruption occurs during programming,
the two validity fields would contain different information.
In order to improve robustness, the validity field can be
considered programmed valid when it contains a pattern for
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which the probability 1n case of interrupted programming 1s
reduced. When the device 1s powered up it uses the instance
of the programmed data for which the validity field 1s
programmed as valid.

The storage module 170 may be further configured (dur-
ing an update of the default switching level) to move the old
or discarded default switching level (default threshold value)
to a “different” (dedicated) location of the storage module
170 allowing to provide a history or table of the default
switching level updates. Thus, the flags or programmed
validity fields 1n the storage module 170 may indicate which
of multiple 1nstances of stored default switching level 172 1n
the storage module 170 can be used as default switching
level at start-up.

The storage module 170 can be turther configured to
receive a temperature information for the junction tempera-
ture of the storage device 170 and to allow programming
only within a temperature range that 1s considered safe for
the storage device 170. A sale temperature range may
depend on the storage device 170, as for some EEPROMs
programming 1s not guaranteed at temperatures above 150 C
or below 0 C, for example. Thus, the storage module 170
may be configured to update of the stored default switching
level 172 only when the measured temperature 1s considered
sate for the programming of the storage device.

The storage module 170 can be further configured to only
allow programming of the default switching level 172 when
the currently calculated switching level 152 has been stable
for multiple consecutive target wheel rotations (for example,
at least 2, 4, 6, 8 . . . rotations). This ensures robustness
against programming of a wrong default switching level 172
due to a disturbance on the processed sensor output signal
122. This disturbance can be caused for example by an EMC
event (EMC=Flectromagnetic Compatibility), by stray field
disturbance or by the passing of a metal particle through the
air-gap between the device and the target wheel.

Referring now to FIG. 2, showing a schematic circuit or
block diagram of the magnetic field sensor arrangement 100,
wherein a possible implementation of the processing module
120 1s 1llustrated 1n more detail. The remaining circuit
clements, such as the magnetic field sensor element 110, the
switching level calculation module 1350, the comparator
module 160, the storage module 170, the optional ECU 180
and the optional feature counter 190 correspond to the
clements as described with respect to the magnetic field
sensor arrangement 100 of FIG. 1 and having (essentially)
the same functionality and/or the same technical or physical
cllect so that the description of these elements and of the
functionality thereof as illustrated in the embodiment of
FIG. 1 are mutually exchangeable and may be applied to the
clements of the magnetic field sensor arrangement of FIG. 2.

As shown 1n FIG. 2, the magnetic field sensor arrange-
ment 100 may comprise a Hall sensor as the magnetic field
sensor element 110 to provide a sensor output signal 112
responsive to a magnetic field H. The Hall sensor element
110 may be implemented as a Hall plate having n*4 termi-
nals, for example. An excitation current for the Hall plate
110 1s impressed 1nto two opposite terminals. At the other
two opposite terminals, the Hall voltage 1s picked up or
sensed. The Hall plate 1s operated in accordance with the
spinning Hall principle (Spinning Current principle) as
shown by the arrow 1n the Hall plate 110. According to this
principle, the connections of the Hall plate are cyclically
exchanged at a predetermined clock rate, 1.e. the excitation
current 1s 1impressed at a first pair of terminals during one
clock period and a second pair of terminals, arranged at an
angle of about 90°/n with respect to the first pair of termi-
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nals, in a subsequent clock period. The connections for
picking up the Hall voltage are correspondingly exchanged.
Offset components 1n the signal of the Hall plate, particu-
larly alternating-voltage error signals, can be reduced, in
particular by adding the Hall voltages sensed 1n successive
clock periods.

The sensor output signal 112 1s provided to the processing,
module 120. As shown 1 FIG. 2, the processing module 120
comprises a main signal path 120-1 and a (auto-correction)
teedback loop 121 e.g., for a ripple feedback suppression.

The sensor output signal 112 1s provided to a first chop-
ping circuit 130 (input chopping circuit), wherein the chop-
ping circuit 130 chops the sensor output signal 112 in
response to a chopping clock signal, wherein the resulting
chopped signal 131 1s provided to a modulator 132. The
modulator 132 1s used for rotating the connections of the
Hall plate 110 1 accordance with the spinning Hall prin-
ciple. For this purpose, the modulator 132 1s operated with
the chopper cycle. The chopper cycle determines the fre-
quency with which the connections of the Hall plate are
exchanged.

The modulator output signal 133 1s provided to a com-
parator (or differential amplifier) 134. The output signal 135
of the comparator 134 1s provided to a second chopping
circuit 136 which converts the output signal 135 of the
comparator 134 back to a DC signal 137. The DC signal 137
1s provided to a tracking ADC 138 which 1s configured to
provide a digital representation of the DC signal 137, and
thus of the sensor output signal 122. The output signal 122
of the tracking ADC 138 (which 1s also the output signal of
the processing module 120) 1s also fed to the chopper
teedback loop 120-2. The chopper feedback loop 120-2
comprises a chopper offset calculation module 139 {for
providing a correction signal 124 at a combination point 141
into the feedback loop. In the combination point 141, the
processed sensor output signal 122 and the correction signal
124 are combined, ¢.g., added. The resulting feedback signal
142 1s provided to a further chopping circuit 143 which
chops the feedback signal 143 1n response to the chopping
clock, wherein the resulting chopped signal 144 1s provided
to a DAC 145 (DAC—digital-analog-converter). The DAC
145 provides a DAC output signal 146 as an analog version
of the feedback signal 144 to the modulator 134.

The processing module 120 of the magnetic field sensor
arrangement 100 comprises the chopper oflset calculation
module 139 1n the chopper feedback loop 120-2, wherein the
chopper-ofilset calculation module 139 1s configured (1) to
provide, during the running mode, a correction 81gnal 124,
which 1s based on an oflset signal or oflset component in the
processed sensor output signal 122, and (2) to feed the
correction signal 124 into the chopper teedback loop for at
least partially suppressing the oflset signal or oflset compo-
nent in the processed sensor output signal 122.

The storage module 170 may be further configured to
store a correction value 126 based on the correction signal
124 and to provide, during the next power up mode(s), the
stored correction value 126 to the chopper-ofiset-calculation
module 139 of the processing module 122. The chopper-
oflset-calculation module 139 may be further configured to
use the stored correction value 126 as a starting value for the
correction signal during the next power up mode(s). The
chopper-oilset-calculation module 139 may be further con-
figured to feed the correction signal 124 into the chopper
teedback loop 120-2 for a nipple feedback suppression 1n the
processed sensor signal 122. To be more specific, storing the
chopper offset (as correction value) in the storage module
170 and providing the stored chopper oflset during the (next)
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power up mode allows for a more stable restart of the ripple
teedback suppression of the chopper circuit of the process-
ing module 122.

The processing module 120 may further comprise the
tracking ADC 138 (ADC=analog-digital-converter) which 1s
configured to provide a digital representation 1n the form of
the processed sensor output signal 122 of the sensor output
signal 112. As indicated above, the magnetic field sensor
clement 110 may comprise a Hall sensor element, however
any sensor elements responsive to a magnetic field compo-
nent can be used.

Referring to FIG. 3A, a schematic block diagram shows
the magnetic feed sensor arrangement 100 according to
FIGS. 1 and 2, respectively, together with an associated
target wheel 220 to be monitored, wherein FIG. 3B shows an
example graph 1illustrating different example sensor output
signals responsive to a magnetic field influenced by a target
wheel having four teeth, for example.

As shown 1 FIG. 3A, the magnetic feed sensor arrange-
ment 100 having the magnetic feed sensor element 112 1s
arranged next to the target wheel 220 to be monitored. The
distance d between the magnetic field sensor element 112
and the target wheel 220 may differ due to mechanical
installation tolerances so that an increased distance d
between the magnetic field sensor element 112 of the
magnetic field sensor arrangement 110 may result 1n a
decreased magnetic field strength to be sensed by the
magnetic field sensor element 110. Correspondingly, the
amplitude of the sensor output signal 112 decreases with a
reduced magnetic field component at the magnetic field
sensor element 110. This 1s indicated by the different courses
of the sensor output 31gnal 112 and indicated 1n FIG. 3B with
respect to diflerent and increasing distances d.

FIG. 3B shows five diflerent courses AG 1, AG 2, AG 3,
AG 4, AG 5 of the sensor output signal 112 with the five
associated switching levels Threshold_ AG 1, Thresh-
old AG 2, Threshold AG 3, Threshold AG 4, Thresh-
old_AG 3, corresponding to five air-gaps d1 (e.g., 0.5 mm),
d2 (e.g., 1.0 mm), d3 (e.g., 1.5 mm), d4 (e.g., 2.0 mm), d5
(e.g., 2.5 mm). The respective switching level “Thresh-
old_AG 1-5” depends on the detected level of minimum
field (e.g., Max 1 for AG 1) and maximum field (e.g., Minl
for AG 1) corresponding to the target wheel magnetic pattern
210 at each air-gap dl1-5 (e.g., d1). The magnetic field
amplitude may be the peak-to-peak amplitude of the sensed
(absolute) magnetic field or an amplitude signal derived
therefrom. Thus, the peak-to-peak amplitude 1s the change
between peak (highest amplitude value, e.g., Max # for AG
#, with #=1 . . . 5) and trough (lowest amplitude value e.g.,
Min # for AG #, with #=1 . . . 3).

The device 100 can be configured to calculate a switching
level at a fixed or variable percentage of the distance
between minima and maxima of the detected field which 1s
indicated by the sensor output signal 112. The maximum
value taken 1nto consideration for switching level calcula-
tion can be an absolute maximum over one target wheel
rotation or a function of all the local maxima seen over one
target wheel rotation. Similarly, the minimum value taken
into consideration for switching level calculation can be an
absolute minimum over one target wheel rotation or a
function of all the local minima seen over one target wheel
rotation.

As shown 1n FIG. 3A, the magnetic field sensor arrange-
ment 100 comprising the magnetic field sensor element 110
and the associated evaluation circuit 3 may also comprise an
optional back-bias magnet 230. Alternatively or addition-
ally, the different features of the target wheel 220 may be
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magnetic, 1.¢. may provide an sensible magnetic field com-
ponent. The magnet 230 may be configured to generate a
magnetic field directed along a connection axis 222 to the
center of the target wheel 220. The target wheel 220 may
comprise a camshait having at least one feature, the cam-
shaft can be rotatably disposed, for example, upon a rota-
tional axis 224. As illustrated 1n FIG. 3A, the target wheel
220 comprises four features or cams 210a-d. In operation, as
the target wheel (cam wheel) 220 rotates, the features
210a-d determine varnations of the magnetic field generated
by the back-bias magnet 230. Vanations of the magnetic
field are sensed by the magnetic field sensor element 112 and
result 1n amplitude changes (state transitions) in the sensor
output signal 112.

With respect to the target wheel of FIG. 3A, 1t should be
noted that the provision of four cam features 1s only an
example as any number of features can be arranged on the
target wheel 220. As shown 1n FIG. 3B, the cam features
210a-d result 1n the amplitude changes of the signal courses
of the sense magnetic field component over one rotation, 1.¢.
from a=0°-360°.

In the following, a method 300 for processing a magnetic
field sensor output signal shall now be described below with
retference to FIG. 4. The method for processing a magnetic
field sensor output signal, comprises the step 310 of pro-
viding the sensor output signal responsive to a magnetic
field, the sensor output signal being representative or 1llus-
trative of a magnetic field amplitude; the step 320 of
processing the sensor output signal for providing a pro-
cessed sensor output signal which i1s representative of the
sensor output signal, and, thus, of the magnetic field ampli-
tude; the step 330 of determining/calculating a switching
level, (1) during a power up mode, based on a default
switching level, and (2) during a running mode, based on the
processed sensor output signal; the step 340 of comparing,
the processed sensor output signal with the default switching,
level for providing a comparator output signal based on the
comparison; and the step 350 of storing the default switch-
ing level and providing, during the power up mode, the
default switching level for the switching level calculation
step, and (2) updating, during the running mode, the default
switching level based on the switching level currently cal-
culated, 11 a difference between the switching level calcu-
lated during the running mode and the stored default switch-
ing level 1s higher than 3% of the magnetic field amplitude.

The amplitude of the magnetic field 1s influenced by a
target wheel, wherein the default switching level 1s only
updated during the running mode 11 the target wheel has a
higher rotational speed than at least 100 rpm (200, . . ., 400
rpm). The step of updating may comprise the step of
conducting a number of incremental update operations of the
default switching level which 1s smaller than a pre-set
number N, whereimn N<=20 (15, 10 . . . ).

Moreover, a warning signal may be outputted, 1f the preset
number N of update operations 1s achieved or exceeded. The
warning signal may indicate a possible malfunction of the
magnetic field sensor arrangement.

The method may comprise the further steps of (1) pro-
viding, during the running mode, a correction signal, which
1s based on an oflset signal 1n the processed sensor output
signal, and (2) feeding the correction signal into a chopper
teedback loop for at least partially suppressing the offset
signal 1n the processed sensor output signal, which can be
conducted by a chopper oflset calculation module 1 a
chopper feedback loop 120-2, for example. The method may
comprise the further steps of storing a correction value based
on the correction signal, and providing, during the power up
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mode, the stored correction value as a starting value for
correction signal during the power up mode. The method
may comprise the further steps of feeding the correction
signal 1nto the chopper feedback loop for a npple feedback
suppression in the processed sensor output signal.

Moreover, the switching level calculated by a switching
level calculation module during the running mode may be
stored as the default switching level, wherein, during the
running mode, the default switching level may be updated
based on the calculated switching level. During the first
power up mode, the default switching level may be updated
based on the switching level calculated during the subse-
quent running mode.

The method may comprise the turther steps of determin-
ing a number of teeth within the range of 1-12, for example,
ol the target wheel during running mode, and of storing this
information 1n a storage module, wherein a different indi-
vidual switching level may be used on each feature of the

target wheel. It should be noted that the number of teeth may
be also higher than 12.

The method may comprise the turther steps of determin-
ing a current position of the target wheel, and of calculating
at start-up an individual switching level (threshold) of the
current edge/tooth for comparing 1t with the stored indi-
vidual switching levels (thresholds).

The method may comprise the further steps of (1) pro-
viding, during the power up mode, the default 1ndividual
switching levels to the switching level calculation module,
and (2) updating, during the running mode, the default
individual switching levels based on the currently calculated
switching level, if the switching level calculated during the
running mode deviates more than 3% from the stored default
switching level for that determined feature of the target
wheel compared to the detected peak-to-peak amplitude of
the rendered or processed sensor output signal, 1.e. 1if a
difference between the switching level calculated during the
running mode and the stored default switching level 1s
higher than 3% of the amplitude of the sensor output signal.

The method may comprise the further steps of updating of
the stored default switching level only after a defined
number of target wheel rotations 1n order to prevent writing
of wrong values 1n functional testing scenarios.

The method may comprise the further steps of updating of
the stored default switching level only when the calculated
switching level 152 has remained unchanged for a defined
number of target wheel rotations. The method may comprise
the turther steps of updating of the stored default switching
level only when the measured temperature 1s considered safe
for the programming of the storage device.

A flag 1n a storage unit may indicate i the update of the
default threshold in the storage unit occurred 1n sate supply
conditions, wherein the old default threshold value may be
stored for allowing a history of default threshold updates.
The wherein flags or programmed validity fields n the
storage module 170 may indicate which of multiple
instances of stored default switching level 172 1n the storage
module 170 1s usable as default switching level at start-up.

Thus, the present concept 1n form of the magnetic field
sensor arrangement and the method for processing a mag-
netic field sensor output signal provide for an improved
detection the phase accuracy of the first switch edges (based
on a sensed magnetic field) after power-on of a magnetic
sensor, €.g., a mono-cell magnetic cam sensor, when the
sensor 15 mounted in the operating place, e.g., in a vehicle or
car. Moreover, the calibrated switching level 1s stored/
updated when the criteria of frequency and, for example, of
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deviation are met. Additionally the chopper stores the ripple
teedback for a faster startup of the feedback loop.

To be more specific, 1n accordance with the present
concept on the basis the functionality of the magnetic field
sensor arrangement and the method for processing a mag-
netic field sensor output signal, respectively, an updated or
calibrated switching level 1s stored/updated as the (new)
default switching level based on the currently calculated
switching level (or comparator threshold) when specific
criteria of deviation between the default switching level and
the currently calculated switching level are met. Moreover,
the frequency or rotational speed of the monitored camshait
may be considered as further criterion for storing/updating,
the default switching level based on the currently calculated
switching level (threshold). To achieve a suflicient accuracy
alter power on, the sensor arrangement stores the new
default switching level, 1.e. the newly calibrated switching
level, which forms the default switching level during normal
operation mode, 1 the currently stored switching level
deviates more than 3% (e.g., more than 5% or 10%) from the
ideal (i.e. the currently stored default) switching level com-
pared to the detected peak-to-peak amplitude of the rendered
or processed sensor output signal. Moreover, the calibrated
switching level may optionally be stored/updated during the
running mode only 11 the target wheel has a higher rotational
speed than at least 100 rpm. Updating the default switching
level only 1f the target wheel has achieved a minimum
rotational speed 1s conducted to suppress the possibility to
store wrong calibration values (default switching levels)
generated by a high target wheel vibration (as the higher the
rotational speed of the target wheel 1s the lower the effect to
the calculated switching level 1s).

The number of self-programming operations (updates of
the default switching level) can be stored incrementally and
can be limited to a maximum number of, e.g., 10. Addition-
ally, the chopper circuit may store the ripple feedback for a
taster startup of the feedback of the feedback loop. To be
more specific, as the chopper offset 1s stored, a more stable
and faster restart of the ripple feedback suppression may be
achieved.

Further, a “watchdog” (1.e. a device/circuitry that detects
faults and i1mtiates corrective actions) for a small signal
detection may be implemented to recover for the case that at
small signals after remount at a high air gap the sensor does
not switch anymore. This may occur when the complete
processed sensor signal 1s below the default switching level.
At a wrong/missing switching detection, a fallback true
power on (1PO) implementation can be activated. Another
option may be to activate the calibration storage by a digital
command applied with the supply modulation when the
sensor 1s mounted.

Furthermore, the number of teeth of the target wheel can
also be learned at the first power on. This makes the device
more universal and the customer does not program anything.
Alternatively, a fixed number of, e.g., 12, teeth can be
assumed as this covers target wheels with 1, 2, 3, 4, 6 and
12 teeth which are the most common.

Moreover, the method may comprise the turther step of
outputting a warning signal, if the pre-set number N of
update operations 1s achieved or exceeded. The method may
comprise the further step of storing a correction value based
on the correction signal, and providing, during the power up
mode, the stored correction value as a starting value for
correction signal during the power up mode.

The method may comprise the fturther step of feeding the
correction signal into the chopper feedback loop for a ripple
teedback suppression in the processed sensor output signal.
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The method may comprise the further step of determining a
number of features of the target wheel during running mode,
and storing the determined number of features in a storage
module.

The method may comprise the further step of using a
different individual switching level on each feature of the
target wheel. The method may comprise the further step of
determining a current position of the target wheel, and
calculating at start-up an individual switching level of the
current feature for comparing it with the stored individual
switching levels.

The method may comprise the further steps of (1) pro-
viding, during the power up mode, the default individual
switching levels, and (2) updating, during the running mode,
the default individual switching levels based on the currently
calculated switching level, if the switching level calculated
during the runming mode deviates more than 3% of the
magnetic field amplitude from the stored default switching
level for the respective feature.

The method may comprise the further step of updating of
the stored default switching level only after a defined
number of target wheel rotations. The method may comprise
the further step of updating of the stored default switching
level only when the calculated switching level (152) has
remained unchanged for a defined number of target wheel
rotations. The method may comprise the further step of
updating of the stored default switching level only when the
measured temperature 1s considered saife for the program-
ming of the storage device.

According to the method, the further step of setting a flag
or a programmed validity field 1n a storage unit 1s conducted
if the update of the default threshold in the storage umnit
occurred 1n a sale supply condition. According to the
method, tlags or programmed validity fields in the storage
module (170) indicate which of multiple nstances of stored
default switching level (172) in the storage module (170) 1s
usable as default switching level at start-up.

The method may comprise the further step storing the
default threshold value for allowing a history of default
threshold updates.

Although some aspects have been described 1n the context
ol an apparatus, 1t 1s clear that these aspects also represent
a description of the corresponding method, where a block or
device corresponds to a method step or a feature of a method
step. Analogously, aspects described 1n the context of a
method step also represent a description of a corresponding
block or 1tem or feature of a corresponding apparatus. Some
or all of the method steps may be executed by (or using) a
hardware apparatus, like for example, a microprocessor, a
programmable computer or an electronic circuit. In some
embodiments, one or more of the most important method
steps may be executed by such an apparatus.

Depending on certain 1mplementation requirements,
embodiments can be implemented in hardware or 1n sofit-
ware or at least partially in hardware or at least partially 1n
software. The implementation can be performed using a
digital storage medium, for example a floppy disk, a DVD,
a Blu-Ray, a CD, a ROM, a PROM, an EPROM, an
EEPROM or a FLASH memory, having electronically read-
able control signals stored thereon, which cooperate (or are
capable of cooperating) with a programmable computer
system such that the respective method 1s performed. There-
fore, the digital storage medium may be computer readable.

Some embodiments comprise a data carrier having elec-
tronically readable control signals, which are capable of
cooperating with a programmable computer system, such
that one of the methods described herein i1s performed.
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Generally, embodiments can be implemented as a com-
puter program product with a program code, the program
code being operative for performing one of the methods
when the computer program product runs on a computer.
The program code may for example be stored on a machine
readable carrier.

Other embodiments comprise the computer program for
performing one of the methods described herein, stored on
a machine readable carrier.

In other words, an embodiment of the method 1s, there-
fore, a computer program having a program code for per-
forming one of the methods described herein, when the
computer program runs on a computer.

A further embodiment of the methods 1s, therefore, a data
carrier (or a digital storage medium, or a computer-readable
medium) comprising, recorded thereon, the computer pro-
gram for performing one of the methods described herein.
The data carrier, the digital storage medium or the recorded
medium are typically tangible and/or non-transitory.

A further embodiment of the method 1s, therefore, a data
stream or a sequence ol signals representing the computer
program for performing one of the methods described
herein. The data stream or the sequence of signals may for
example be configured to be transierred via a data commu-
nication connection, for example via the Internet.

A further embodiment comprises a processing means, for
example a computer, or a programmable logic device, con-
figured to or adapted to perform one of the methods
described herein.

A further embodiment comprises a computer having
installed thereon the computer program for performing one
of the methods described herein.

A further embodiment according to the comprises an
apparatus or a system configured to transier (for example,
clectronically or optically) a computer program for performs-
ing one ol the methods described herein to a recerver. The
receiver may, for example, be a computer, a mobile device,
a memory device or the like. The apparatus or system may,

for example, comprise a {file server for transierring the
computer program to the receiver.

In some embodiments, a programmable logic device (for
example a field programmable gate array) may be used to
perform some or all of the functionalities of the methods
described herein. In some embodiments, a field program-
mable gate array may cooperate with a microprocessor in
order to perform one of the methods described herein.
Generally, the methods may be performed by any hardware
apparatus.

The apparatus described herein may be implemented
using a hardware apparatus, or using a computer, or using a
combination of a hardware apparatus and a computer.

The methods described herein may be performed using a
hardware apparatus, or using a computer, or using a com-
bination of a hardware apparatus and a computer.

The above described embodiments are merely 1llustrative
for the principles of the present concept. It 1s understood that
modifications and variations of the arrangements and the
details described herein will be apparent to others skilled 1n
the art. It 1s the intent, therefore, to be limited only by the
scope of the impending patent claims and not by the specific
details presented by way of description and explanation of
the embodiments herein.
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What 1s claimed 1s:
1. A magnetic field sensor arrangement, comprising:
a magnetic field sensor element configured to provide a
sensor output signal responsive to a magnetic field,
wherein the sensor output signal 1s representative of a
magnetic field amplitude,
a processing module configured to process the sensor
output signal and to provide a processed sensor output
signal which 1s representative of the sensor output
signal,
a switching level calculation module configured to deter-
mine a first switching level, during a power up mode,
based on a default switching level, and determine,
during a running mode, a second switching level based
on the processed sensor output signal;
a comparator module configured to receive the first
switching level and the second switching level, com-
pare the processed sensor output signal with the first
switching level during the power up mode, compare the
processed sensor output signal with the second switch-
ing level during the running mode, and to provide a
comparator output signal based on each comparison;
and
a storage module configured to:
store the default switching level;
provide, during the power up mode, the default switch-
ing level to the switching level calculation module;

update, during the runming mode, the default switching
level based on the second switching level currently
calculated by the switching level calculation module,
1I a difference between the second switching level
calculated during the running mode and the stored
default switching level 1s greater than a predeter-
mined percentage of the magnetic field amplitude;
and

maintain, during the running mode, the default switch-
ing level as unchanged 1t the diflerence between the
second switching level calculated during the runming
mode and the stored default switching level 1s equal
to or less than the predetermined percentage of the
magnetic field amplitude.

2. The magnetic field sensor arrangement according to
claim 1, wherein the magnetic field 1s influenced by a target
wheel, wherein the default switching level 1s updated during
the running mode only 1f the target wheel has a rotational
speed greater than at least 100 rpm.

3. The magnetic field sensor arrangement according to
claim 2, wherein the switching level calculation module 1s
also configured to determine a number of features of the
target wheel during the running mode and to store the
number of features 1n the storage module.

4. The magnetic field sensor arrangement according to
claim 3, further comprising:

a feature counter for determining a current position of the

target wheel,

wherein the switching level calculation module 1s config-
ured to calculate, at startup, an individual switching
level of a current feature and to compare the individual
switching level with stored individual switching levels
in order to match the feature counter with the current
position of the target wheel.

5. The magnetic field sensor arrangement according to
claam 4, wheremn a different individual switching level 1s
used on each feature, 1n the form of a tooth, an edge, or a
notch of the target wheel.

6. The magnetic field sensor arrangement according to
claim 35, wherein the storage module 1s configured to store all
individual default switching levels and 1s further configured

to provide, during the power up mode, the individual default
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switching levels to the switching level calculation module,
and to update, during the running mode, the individual
default switching levels based on the second switching level
currently calculated by the switching level calculation mod-
ule, 1if a difference between the second switching level
calculated during the runming mode and the stored default
switching level 1s greater than the predetermined percentage
of the magnetic field amplitude.

7. The magnetic field sensor arrangement according to
claim 1, wherein the storage module 1s configured to conduct
a number of incremental update operations of the default
switching level which 1s smaller than a pre-set number N,
wherein N=20.

8. The magnetic field sensor arrangement according to
claim 7, wherein a warning signal 1s output, 1f the pre-set
number N of update operations 1s achieved or exceeded.

9. The magnetic field sensor arrangement according to
claim 1, wherein the processing module comprises a chop-
per circuit with a chopper-oflset-calculation module 1n a
chopper feedback loop, wherein the chopper-oilset-calcula-
tion module 1s configured to provide, during the running
mode, a correction signal, which 1s based on an oflset
component in the processed sensor output signal, and to feed
the correction signal 1nto the chopper feedback loop for at
least partially suppressing the offset component 1n the pro-
cessed sensor output signal.

10. The magnetic field sensor arrangement according to
claim 9, wherein the storage module 1s further configured to
store a correction value based on the correction signal and to
provide, during the power up mode, the stored correction
value to the chopper-ofiset-calculation module.

11. The magnetic field sensor arrangement according to
claim 10, wherein the chopper-ofiset-calculation module 1s
configured to use the stored correction value as a starting
value for a correction signal during the power up mode.

12. The magnetic field sensor arrangement according to
claiam 9, wherein the chopper-oflset-calculation module 1s
configured to feed the correction signal into the chopper
teedback loop for a ripple feedback suppression i1n the
processed sensor output signal.

13. The magnetic field sensor arrangement according to
claim 1, wherein the second switching level calculated by
the switching level calculation module during the runming
mode 1s stored as the default switching level.

14. The magnetic field sensor arrangement according to
claim 1, further comprising:

an electronic control unit (ECU), wherein the ECU 1s

configured to instruct the storage module to update,
during the running mode, the default switching level
based on the second switching level calculated by the
switching level calculation module.
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15. The magnetic field sensor arrangement according to
claam 14, wheremn the ECU 1s configured to instruct the
storage module during the power up mode, to update the
default switching level based on the second switching level
during the running mode.

16. The magnetic field sensor arrangement according to
claim 14, wherein the ECU 1s configured to instruct the
storage module to update the default switching level when
an external programming voltage 1s applied.

17. The magnetic field sensor arrangement according to
claam 14, wheremn the ECU 1s configured to instruct the
storage module to update the default switching level when
external conditions are considered safe for programming to
be done based on an internal programming voltage coming
from a charge pump.

18. The magnetic field sensor arrangement according to
claim 1, wherein the processing module comprises a track-
ing ADC configured to provide a digital representation of the
sensor output signal.

19. The magnetic field sensor arrangement according to
claiam 1, wherein the magnetic field sensor element com-
prises a Hall sensor element.

20. The magnetic field sensor arrangement according to
claim 1, wherein the storage module 1s configured to update
of the stored default switching level only after a defined
number of target wheel rotations.

21. The magnetic field sensor arrangement according to
claim 20, wherein the storage module 1s configured to update
of the stored default switching level only when the calcu-
lated switching level has remained unchanged for a defined
number of target wheel rotations.

22. The magnetic field sensor arrangement according to
claim 1, wherein the storage module 1s configured to update
of the stored default switching level only when a measured
temperature 1s considered safe for programming.

23. The magnetic field sensor arrangement according to
claim 1, wherein a flag or a programmed validity field in the
storage module indicates whether the update of the default
switching level 1n the storage module occurred 1in a safe
supply condition.

24. The magnetic field sensor arrangement according to
claim 1, wherein flags or programmed validity fields 1n the
storage module indicate which of multiple instances of
stored default switching levels 1n the storage module 1s
usable as the default switching level at start-up.

25. The magnetic field sensor arrangement according to
claim 1, wherein a discarded default threshold value 1s
moved to a dedicated storage location of the storage module
allowing to provide a history of the updated default switch-
ing levels.
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